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FIG. 4
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FIG. 6
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FIG. 7A
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FIG. 10
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FIG. 13
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FIG. 16

OBTAIN FIRST AND SECGND IMAGES BY USING
TOMOGRAPHY DATA ACQUIRED AS FIRST X-RAY

GENERATOR FOR GENERATING X-RAYS HAVING | 1610
FIRST ENERGY AND SECOND X~RAY GENERATOR |
FOR GENERATING X-RAYS HAVING SECOND ENERGY |
RESPECTIVELY ROTATE ARQUND OBJECT OVER |
F!RST AND SECOND ANGumﬂ RANGES

ACQUIRE MOTION tNF—OHMMEON BY USING L 1620
FIRST AND SECOND IMAGES 3:@

RECONSTRUCT TARGET IMAGE BASED ON MOTION | 1630
INFORMATION
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TQMQGRAPHY JATA ACQUIRED AS FIRST X-RAY GENERATOR
FOR GENERATING X-RAYS HAVING FIRST ENERGY AND - 1710
SECOND X~-RAY GENERATOR FOR GENERATING X-RAYS

HAVING SECOND ENERGY RESPECTIVELY ROTATE ARQUND
OBJECT OVER FIRST AND SECOND ANGULAR RANGES AND
OBTAIN SECND IMAGE BY USING TOMOGRAPHY DATA ACQUIRED |
AS FIRST AND SECOND X~RAY GENERATORS RESPECTIVELY |
ROTATE ARDUND OBJECT OVER SECOND ANGULAR RANGE
AND THIRD ANGULAR RANGE THAT IS OPPOSITE TO FIRST
ANGULAF? RANGE

ACQUIRE MOTION INFORMATION BY USING -~ 1720
_FIRST AND SECOND IMAGES _ s

RECONSTRUCT TARGET IMAGE BASED ON | 1730
MOTION INFORMATION
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APPARATUS AND METHOD FOR
RECONSTRUCTING TOMOGRAPHY
IMAGES USING MOTION INFORMATION

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from Korean Patent
Application No. 10-2015-0121030, filed on Aug. 27, 2015,
in the Korean Intellectual Property Oflice, the disclosure of

which 1s 1incorporated herein 1n 1ts entirety by reference.

BACKGROUND

1. Field

The present disclosure relates to tomography apparatuses
and methods of reconstructing tomography images.

2. Description of the Related Art

Medical imaging apparatuses are used to acquire 1mages
showing an internal structure of an object. The medical
imaging apparatuses are non-invasive examination appara-
tuses that capture and process images of details of structures,
tissue, fluid tlow, etc., inside a body and provide the 1images
to a user. A user, e.g., a medical practitioner, may use
medical 1mages output from the medical 1imaging appara-
tuses to diagnose a patient’s condition and diseases.

A computed tomography (C1) apparatus 1s a representa-
tive example of an apparatus for 1maging an object by
emitting X-rays toward a patient.

A CT apparatus 1s capable of providing a cross-sectional
image of an object and may represent an internal structure
(e.g., organs such as a kidney, a lung, etc.) of the object
without superimposition of adjacent structures, as compared
to a general X-ray apparatus. Due to these advantages, the
CT apparatus 1s widely used for precise diagnosis of dis-
cases. A medical image obtained by a tomography apparatus
1s hereinafter referred to as a tomography 1mage.

A tomography apparatus performs tomography scanning
on an object to acquire raw data. The acquired raw data 1s
used to reconstruct a tomography image. The raw data may
be projection data obtained by projecting an X-ray onto the
object, or may be a sinogram representing a set ol projection
data.

For example, to obtain a tomography 1mage, image recon-
struction may be performed using a sinogram obtained by
performing tomography scanning. Tomography image
reconstruction will now be described 1n detail with reference
to FIGS. 1A and 1B.

FIGS. 1A and 1B are diagrams for explaining capturing
and reconstruction of a CT 1mage.

In detail, FIG. 1A 1s a diagram for explaining about a CT
scan performed by a CT apparatus. During the CT scan, the
CT apparatus acquires raw data while rotating around an
object 25. FIG. 1B 1s a diagram for explaining about a
sinogram acquired during a CT scan and a CT image
reconstructed from the sinogram.

A CT apparatus generates and emits, via an X-ray gen-
erator, an X-ray towards an object, and detects, via an X-ray
detector, the X-ray that has passed through the object. The
X-ray detector may also generate raw data corresponding to
the detected X-ray.

In detail, referring to FIG. 1A, an X-ray generator 20 in
a CT apparatus emits an X-ray towards the object 25. During
a CT scan performed by the CT apparatus, the X-ray
generator 20 rotates around the object 25 and acquires a
plurality of raw data 30 through 32 corresponding to angles
of rotation of the X-ray generator 20. In detail, the X-ray
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generator 20 acquires the plurality of raw data 30 through 32
by detecting X-rays emitted toward the object 235 at positions

P1 through P3, respectively. In this case, raw data may be
projection data.

The X-ray generator 20 has to rotate 180 degrees or
greater during a CT scan in order to produce a cross-
sectional CT 1mage.

Retferring to FIG. 1B, a sinogram 40 may be acquired
from a combination of the plurality of the raw data 30
through 32 acquired by the X-ray generator 20 that moves at
predetermined angular intervals as described with reference
to FIG. 1A. The sinogram 40 1s acquired by performing a CT
scan as the X-ray generator 20 rotates for one period. The
sinogram 40 corresponding to the one period may be used to
produce a cross-sectional CT 1mage. The one period may be
a time period for the X-ray generator 20 to rotate by an angle
that 1s greater than or equal to 180 degrees or by an angle
that 1s greater than or equal to 360 degrees depending on
specifications for a CT system.

A CT mmage 50 1s reconstructed by performing filtered
backprojection (FBP) on the sinogram 40.

In general, 1t takes about 0.2 seconds for the X-ray
generator 20 to rotate 180 degrees.

When an object to be scanned moves, motion of an object
may occur even during one period. Due to the motion of the
object, motion artifacts occur 1n a reconstructed CT 1mage.

When motion artifacts occur, an outermost edge of an
object may be unclear and may overlap with 1tself or others
in a reconstructed CT 1mage, and an imner edge of the object
may be blurred within the CT 1mage due to motion of the
object.

These motion artifacts i a CT image may reduce the
quality of the CT image and accordingly, degrade the
accuracy of analysis of an 1image and diagnosis of a disease
by a user, e.g., a medical practitioner.

Thus, when a CT scan 1s performed on a moving object,
it 1s of great importance to reconstruct a CT i1mage with
minimized motion artifacts.

SUMMARY

Provided are tomography apparatuses and methods of
reconstructing a tomography 1image, whereby temporal reso-
lution may be improved so that motion artifacts that may
occur 1n a reconstructed tomography 1image are reduced and
a more accurate tomography 1image may be reconstructed.

Provided are tomography apparatuses and methods of
reconstructing a tomography 1image, whereby a more accu-
rate tomography 1image may be reconstructed by using two
sources for generating X-rays having diflerent energies.

Provided are tomography apparatuses and methods of
reconstructing a tomography image, whereby temporal reso-
lution of a reconstructed tomography i1mage may be
improved by accurately measuring the amount of motion of
an object over time based on data acquired during a tomog-
raphy scan using two sources for generating X-rays having
different energies and performing motion correction based
on the measured amount of motion.

Additional aspects will be set forth 1n part 1in the descrip-
tion which follows and, 1n part, will be apparent from the
description, or may be learned by practice of the presented
exemplary embodiments.

According to an aspect of an exemplary embodiment, a
tomography apparatus includes a data acquirer configured to
obtain a first image using first tomography data acquired as
a first X-ray generator for generating X-rays having a first
energy rotates around an object over a first angular range,
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and to obtain a second 1mage using second tomography data
acquired as a second X-ray generator for generating X-rays
having a second energy rotates around the object over a
second angular range; a controller configured to determine
motion information representing an amount of motion of the
object over time using the first image and the second 1image;
and an 1mage reconstructor configured to reconstruct a target
image showing the object at a target time point using the
motion information.

The first image and the second image may be partial
images, and the first angular range may be opposite to the
second angular range.

Each of the first angular range and the second angular
range may be less than 180 degrees.

The motion information may further include iformation
representing an amount of motion of a surface forming the
object.

The 1mage reconstructor may be further configured to
predict an amount of motion of the object at the target time
point based on the motion mformation, and to reconstruct
the target image based on the predicted amount of motion.

The data acquirer may be further configured to acquire
two pieces of tomography data corresponding to an angular
range of 180 degrees and an extra angle by respectively
using the first x-ray generator and the second X-ray genera-
tor, and the extra angle may be in a range of about 30 degrees
to about 70 degrees.

The 1mage reconstructor may be further configured to
reconstruct the target 1image based on a first reconstructed
image and a second reconstructed image, the first recon-
structed 1mage and the second reconstructed 1mage being
generated based on the first tomography data and the second
tomography data acquired during the rotation of the first
x-ray generator and the second X-ray generator using the
motion information.

The 1mage reconstructor may be further configured to
reconstruct the target image by performing image registra-
tion between the first reconstructed image and the second
reconstructed 1mage.

According to another aspect of an exemplary embodi-
ment, a tomography apparatus includes a data acquirer
configured to obtain a first partial image using first tomog-
raphy data acquired as a first X-ray generator for generating
X-rays having a first energy and a second X-ray generator
for generating X-rays having a second energy rotate around
an object over a first angular range and a second angular
range, and to obtain a second partial 1mage using second
tomography data acquired as the first x-ray generator and the
second X-ray generator rotate around the object over the
second angular range and a third angular range opposite to
the first angular range; a controller configured to acquire
motion information representing an amount of motion of the
object over time by using the first partial image and the
second partial image; and an 1mage reconstructor configured
to reconstruct a target image showing the object at a target
time point by using the motion information.

Each of the first angular range, the second angular range,
and the third angular range may be less than 180 degrees.

The first x-ray generator may be spaced apart from the
second X-ray generator by a 90-degree interval.

The data acquirer may be further configured to acquire the
first tomography data and the second tomography data as the
first x-ray generator and the second X-ray generator rotate
around the object by 90 degrees and an extra angle, and the
extra angle may be less than or equal to 90 degrees.

The data acquirer may be further configured to acquire
third tomography data corresponding to an angular range of
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180 degrees and an extra angle by using the first x-ray
generator and the second X-ray generator, and the extra
angle may be 1n a range of 30 degrees to 70 degrees.

The 1mage reconstructor may be further configured to
reconstruct the target image based on a first reconstructed
image and a second reconstructed image, the first recon-
structed 1mage and the second reconstructed image being
based on the first tomography data and the second tomog-
raphy data acquired during rotation of the first x-ray gen-
erator and the second X-ray generator using the motion
information.

The 1mage reconstructor may be further configured to
reconstruct the target 1image by performing 1image registra-
tion between the first reconstructed image and the second
reconstructed image.

According to a further aspect of an exemplary embodi-
ment, a method of reconstructing a tomography image
includes obtaining a first image using first tomography data
acquired as a first X-ray generator for generating X-rays
having a first energy rotates around an object over a first
angular range, and obtaining a second 1mage using second
tomography data acquired as a second X-ray generator for
generating X-rays having a second energy rotates around the
object over a second angular range; determining motion
information representing an amount of motion of the object
over time by using the first image and the second 1image; and
reconstructing a target image showing the object at a target
time point using the motion information.

The first 1mage and the second 1mage may be partial
images, and the first angular range may be opposite to the
second angular range.

Each of the first angular range and the second angular
range may be less than 180 degrees.

The motion mformation may further include information
representing an amount of motion of a surface forming the
object.

The reconstructing of the target image may further
include predicting an amount of motion of the object at the
target time point based on the motion information, and
reconstructing the target image based on the predicted
amount of motion.

The obtaining of the first and second 1images may further
include acquiring two pieces of tomography data corre-
sponding to an angular range of 180 degrees and an extra
angle by respectively using the first and second X-ray
generators, and the extra angle may be 1 a range of 30
degrees to 70 degrees.

The reconstructing of the target image may further
include reconstructing the target image based on a first
reconstructed 1mage and a second reconstructed image, the
first reconstructed image and the second reconstructed
image being generated based on the first tomography data
and the second tomography data acquired during rotation of
the first x-ray generator and the second X-ray generator
using the motion information.

The reconstructing of the target image may further
include reconstructing the target image by performing image
registration between the first reconstructed image and the
second reconstructed 1mage.

According to a still further aspect of an exemplary
embodiment, a method of reconstructing a tomography
image includes obtaining a first partial 1mage using {first
tomography data acquired as a first X-ray generator for
generating X-rays having a first energy and a second X-ray
generator for generating X-rays having a second energy
rotate around an object over a first angular range and a
second angular range, and obtaining a second partial 1mage
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using second tomography data acquired as the first x-ray
generator and the second X-ray generator rotate around the
object over the second angular range and a third angular
range opposite to the first angular range; acquiring motion
information representing an amount of motion of the object
over time by using the first partial image and the second
partial image; and reconstructing a target image showing the
object at a target time point by using the motion information.

Each of the first angular range, the second angular range,
and the third angular range may be less than 180 degrees.

The first x-ray generator may be spaced apart from the
second X-ray generator by a 90-degree interval.

The obtaining of the first partial image and the second
partial image may further include acquiring the first tomog-
raphy data and the second tomography data as the first x-ray
generator and the second X-ray generator rotate around the
object by 90 degrees and an extra angle, and the extra angle
may be less than or equal to 90 degrees.

The obtaiming of the first partial image and the second
partial image may further include acquiring two pieces of
tomography data corresponding to an angular range of 180
degrees and an extra angle by using the first and second
X-ray generators, and the extra angle may be 1n a range of
30 degrees to 70 degrees.

The reconstructing of the target image may further
include reconstructing the target image based on a first
reconstructed 1mage and second reconstructed image gen-
erated based on the first tomography data and the second
tomography data acquired during rotation of the first x-ray
generator and the second X-ray generator using the motion
information.

The reconstructing of the target image may further
include reconstructing the target image by performing image
registration between the first reconstructed image and the
second reconstructed 1mage.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects will become apparent and
more readily appreciated from the following description of
the exemplary embodiments, taken in conjunction with the
accompanying drawings in which:

FIGS. 1A and 1B are diagrams for explaining about
capturing and reconstruction ol a computed tomography
(CT) 1image;

FIG. 2 1s a schematic diagram of a general CT system;

FIG. 3 shows a structure of a CT system according to an
exemplary embodiment;

FIG. 4 1s a block diagram of a configuration of a com-
municator;

FIG. 3§ illustrates a CT system according to an exemplary
embodiment;

FIG. 6 1s a block diagram of a configuration of a tomog-
raphy apparatus according to an exemplary embodiment;

FIGS. 7A and 7B are diagrams for explaining an operation
of a tomography apparatus according to an exemplary
embodiment;

FIG. 8 1s a diagram for explaining about movement of an
object;

FIGS. 9A and 9B are other diagrams for explaining about
an operation ol a tomography apparatus according to an
exemplary embodiment;

FIG. 10 1s a diagram for explaining about a method of
reconstructing a tomography image, according to an exem-
plary embodiment;
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FIGS. 11A and 11B are another diagram for explaining
about a method of reconstructing a tomography image

according to an exemplary embodiment;

FIGS. 12A and 12B are other diagrams for explaining
about an operation of a tomography apparatus according to
an exemplary embodiment;

FIG. 13 1s a graph of the amount of motion of an object
with respect to time;

FIGS. 14A and 14B are diagrams for explaining about a
process of reconstructing a tomography 1image according to
an exemplary embodiment;

FIG. 15 1s another diagram for explaining about a process
of reconstructing a tomography image according to an
exemplary embodiment;

FIG. 16 1s a flowchart of a method of reconstructing a
tomography image according to an exemplary embodiment;
and

FIG. 17 1s a flowchart of a method of reconstructing a
tomography 1image according to another exemplary embodi-
ment.

DETAILED DESCRIPTION

The attached drawings for illustrating exemplary embodi-
ments of the present disclosure are referred to 1n order to
gain a suilicient understanding of the present disclosure, the
merits thereof, and the objectives accomplished by the
implementation of the present disclosure. In this regard, the
present exemplary embodiments may have diflerent forms
and should not be construed as being limited to the descrip-
tions set forth herein. Rather, these exemplary embodiments
are provided so that this disclosure will be thorough and
complete and will fully convey the concept of the present
exemplary embodiments to one of ordinary skill in the art,
and the present disclosure will only be defined by the
appended claims. Like reference numerals refer to like
clements throughout the specification.

Heremaftter, the terms used in the specification will be
briefly described, and then the present disclosure will be
described 1n detail.

The terms used 1n this specification are those general
terms currently widely used in the art, but the terms may
vary according to the intention of those of ordinary skill in
the art, precedents, or new technology in the art. Also, some
terms may be arbitrarily selected by the applicant, and 1n this
case, the meaning of the selected terms will be described 1n
detail 1n the detailed description of the present specification.
Thus, the terms used 1n the specification should be under-
stood not as simple names but based on the meaning of the
terms and the overall description of exemplary embodi-
ments.

When a part “includes™ or “comprises” an element, unless
there 1s a particular description contrary thereto, the part can
further include other elements, not excluding the other
clements. Also, the term “‘unit” i the exemplary embodi-
ments means a software component or hardware component
such as a field-programmable gate array (FPGA) or an
application-specific integrated circuit (ASIC), and performs
a specific function. However, the term “umt” 1s not limited
to software or hardware. The “umt” may be formed so as to
be 1n an addressable storage medium, or may be formed so
as to operate one or more processors. Thus, for example, the
term ‘“‘unit” may refer to components such as software
components, object-oriented software components, class
components, and task components, and may include pro-
cesses, functions, attributes, procedures, subroutines, seg-
ments of program code, drivers, firmware, micro codes,
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circuits, data, a database, data structures, tables, arrays, or
variables. A function provided by the components and
“units” may be associated with the smaller number of
components and “units”, or may be divided into additional
components and “units”.

Reference will now be made 1n detaill to exemplary
embodiments, examples of which are illustrated in the
accompanying drawings. In this regard, the present exem-
plary embodiments may have diflerent forms and should not
be construed as being limited to the descriptions set forth
herein. In the following description, well-known functions
or constructions are not described in detail so as not to
obscure the exemplary embodiments with unnecessary
detail. Expressions such as “at least one of,” when preceding
a list of elements, modily the entire list of elements and do
not modily the individual elements of the list.

Throughout the specification, an “image” may mean
multi-dimensional data formed of discrete image elements,
e.g., pixels 1n a two-dimensional (2D) image and voxels 1n
a three-dimensional (3D) image. For example, the image
may include a medical image of an object which 1s captured
by a computed tomography (CT) imaging apparatus.

Throughout the specification, a “C'T 1mage” may mean an
image generated by synthesizing a plurality of X-ray images
that are obtained by photographing an object while a CT
imaging apparatus rotates around at least one axis with
respect to the object.

Furthermore, 1n the present specification, an “object” may
be a human, an animal, or a part of a human or animal. For
example, the object may be an organ (e.g., the liver, the
heart, the womb, the brain, a breast, or the abdomen), a
blood vessel, or a combination thereof. Also, the object may
be a phantom. The phantom means a material having a
density, an eflective atomic number, and a volume that are
approximately the same as those of an organism. For
example, the phantom may be a spherical phantom having
properties similar to the physical body.

Throughout the specification, a “user” may be, but 1s not
limited to, a medical expert including a medical doctor, a
nurse, a medical laboratory technologist, a medial 1image
expert, or a technician who repairs a medical apparatus.

Because a CT system 1s capable of providing a cross-
sectional 1mage of an object, the CT system may distinc-
tively express an inner structure, €.g., an organ such as a
kidney or a lung, of the object, compared to a general X-ray
imaging apparatus.

The CT system may obtain a plurality of pieces of image
data with a thickness not more than 2 mm several hundred
times per second and then may process the plurality of
pieces ol 1image data, so that the CT system may provide a
relatively accurate cross-sectional image of the object.
According to the related art, only a horizontal cross-sec-
tional 1image of the object can be obtained, but this 1ssue has
been overcome due to various image reconstruction meth-
ods. Examples of 3D 1image reconstruction methods are as
below:

Shade surface display (SSD)—an mitial 3D i1maging
method of displaying only voxels having a predetermined
Hounsfield Units (HU) value.

Maximum 1ntensity projection (MIP)/minimum intensity
projection (MinlP)—a 3D mmaging method of displaying
only voxels having the greatest or smallest HU value from
among voxels that construct an 1mage.

Volume rendering (VR)—an imaging method capable of
adjusting a color and transmittance of voxels that constitute
an 1mage, according to areas of interest.
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Virtual endoscopy—a method that allows endoscopy
observation 1n a 3D 1mage that 1s reconstructed by using the
VR method or the SSD method.

Multi-planar reformation (MPR)—a method of recon-
structing an 1image into a diflerent cross-sectional 1image. A
user may reconstruct an 1mage in any desired direction.

Editing—a method of editing adjacent voxels so as to
allow a user to easily observe an area of interest in volume
rendering.

Voxel of interest (VOI)—a method of displaying only a
selected area in volume rendering.

A CT system 100 according to an exemplary embodiment
will now be described with reference to FIGS. 2 and 3. The
CT system 100 may include various types of devices.

FIG. 2 schematically 1llustrates the CT system 100. Refer-
ring to FIG. 2, the CT system 100 may include a gantry 102,
a table 105, an X-ray generator 106, and an X-ray detector
108.

The gantry 102 may include the X-ray generator 106 and
the X-ray detector 108.

An object 10 may be positioned on the table 105.

The table 105 may move in a predetermined direction
(e.g., at least one of up, down, right, and left directions)
during a CT imaging procedure. Also, the table 105 may tilt
or rotate by a predetermined angle in a predetermined
direction.

The gantry 102 may also tilt by a predetermined angle 1n
a predetermined direction.

FIG. 3 1s a block diagram 1llustrating a structure of the C'T
system 100.

The CT system 100 may include the gantry 102, the table
105, a controller 118, a storage 124, an 1image processor 126,
an 1put mterface 128, a display 130, and a communicator
132.

As described above, the object 10 may be positioned on
the table 105. In the present exemplary embodiment, the
table 105 may move 1n a predetermined direction (e.g., at
least one of up, down, right, and leit directions), and
movement ol the table 105 may be controlled by the
controller 118.

The gantry 102 may include a rotating frame 104, the
X-ray generator 106, the X-ray detector 108, a rotation
driver 110, a data acquisition system (DAS) 116, and a data
transmitter 120.

The gantry 102 may 1nclude the rotating frame 104 having
a loop shape capable of rotating with respect to a predeter-
mined rotation axis RA. Also, the rotating frame 104 may
have a disc shape.

The rotating frame 104 may include the X-ray generator
106 and the X-ray detector 108 that are arranged to face each
other so as to have predetermined fields of view FOV. The
rotating frame 104 may also include an anti-scatter grid 114.
The anti-scatter grid 114 may be positioned between the
X-ray generator 106 and the X-ray detector 108.

In a medical imaging system, X-ray radiation that reaches
a detector (or a photosensitive film) includes not only
attenuated primary radiation that forms a valuable image but
also scattered radiation that deteriorates the quality of an
image. In order to transmit most of the primary radiation and
to attenuate the scattered radiation, the anti-scatter grid 114
may be positioned between a patient and the detector (or the
photosensitive film).

For example, the anti-scatter grid 114 may be formed by
alternately stacking lead foil strips and an interspace mate-
rial such as a solid polymer material, solid polymer, or a
fiber composite material. However, formation of the anti-
scatter grid 114 1s not limited thereto.
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The rotating frame 104 may receive a driving signal from
the rotation driver 110 and may rotate the X-ray generator
106 and the X-ray detector 108 at a predetermined rotation
speed. The rotating frame 104 may recerve the driving signal
and power from the rotation driver 110 while the rotating
frame 104 contacts the rotation driver 110 via a slip ring.
Also, the rotating frame 104 may receive the driving signal
and power from the rotation driver 110 via wireless com-
munication.

The X-ray generator 106 may receive a voltage and
current from a power distribution unit (PDU) via a slip ring
and then a high voltage generating unit, and may generate
and emit an X-ray. When the high voltage generating unit
applies predetermined voltage (hereinaiter, referred to as a
tube voltage) to the X-ray generator 106, the X-ray generator
106 may generate X-rays having a plurality of energy
spectra that correspond to the tube voltage.

The X-ray generated by the X-ray generator 106 may be
emitted 1n a predetermined form due to a collimator 112.

The X-ray detector 108 may be positioned to face the
X-ray generator 106. The X-ray detector 108 may be posi-
tioned to face the X-ray generator 106. Each of the plurality

of X-ray detecting devices may establish one channel but
one or more exemplary embodiments are not limited thereto.

The X-ray detector 108 may detect the X-ray that 1s
generated by the X-ray generator 106 and that 1s transmitted
through the object 10, and may generate an electrical signal
corresponding to intensity of the detected X-ray.

The X-ray detector 108 may include an indirect-type
X-ray detector for detecting radiation after converting the
radiation 1nto light, and a direct-type X-ray detector for
detecting radiation after directly converting the radiation
into electric charges. The indirect-type X-ray detector may
use a scintillator. Also, the direct-type X-ray detector may
use a photon counting detector. The DAS 116 may be
connected to the X-ray detector 108. FElectrical signals
generated by the X-ray detector 108 may be acquired by the
DAS 116. Electrical signals generated by the X-ray detector
108 may be acquired by wire or wirelessly by the DAS 116.
Also, the electrical signals generated by the X-ray detector
108 may be provided to an analog-to-digital converter via an
amplifier.

According to a slice thickness or the number of slices,
only some of a plurality of pieces of data collected by the
X-ray detector 108 may be provided to the image processor
126 via the data transmitter 120, or the image processor 126
may select only some of the plurality of pieces of data.

Such a digital signal may be provided to the image
processor 126 via the data transmitter 120. The digital signal
may be provided to the image processor 126 by wire or
wirelessly.

The controller 118 may control an operation of each of the
clements 1n the CT system 100. For example, the controller
118 may control operations of the table 105, the rotation
driver 110, the collimator 112, the DAS 116, the storage 124,
the 1mage processor 126, the input interface 128, the display
130, the communicator 132, or the like.

The 1mage processor 126 may receive data acquired by
the DAS 116 (e.g., raw data that 1s data before processing),
via the data transmaitter 120, and may perform pre-process-
ing.

The pre-processing may include, for example, a process
of correcting a sensitivity irregularity between channels and
a process ol correcting signal loss due to a rapid decrease 1n
signal strength or due to the presence of an X-ray absorbing
material such as metal.
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Data output from the image processor 126 may be
referred to as raw data or projection data. The projection data
may be stored 1n the storage 124 with imaging conditions
(c.g., the tube voltage, an 1maging angle, etc.) during the
acquisition of data.

The projection data may be a group of data values that
correspond to the intensity of the X-ray that has passed
through the object 10. For convenience of description, a
group ol a plurality of pieces of projection data that are
simultaneously obtained from all channels at the same
imaging angle 1s referred to as a projection data set.

The storage 124 may include at least one storage medium
from among a flash memory-type storage medium, a hard
disk-type storage medium, a multimedia card micro-type
storage medium, card-type memories (e.g., an SD card, an
XD memory, and the like), random access memory (RAM),
static random access memory (SRAM), read-only memory
(ROM), electrically erasable programmable ROM (EE-
PROM), programmable ROM (PROM), magnetic memory,
a magnetic disc, and an optical disc.

The 1mage processor 126 may reconstruct a cross-sec-
tional 1mage of the object 10 by using the acquired projec-
tion data set. The cross-sectional 1mage may be a 3D 1mage.
In other words, the 1image processor 126 may reconstruct a
3D 1mage of the object 10 by using a cone beam recon-
struction method or the like, based on the acquired projec-
tion data set.

The input interface 128 may receive an external input
with respect to an X-ray tomography 1maging condition, an
image processing condition, or the like. For example, the
X-ray tomography imaging condition may include tube
voltages, an energy value setting with respect to a plurality
of X-rays, a selection of an 1maging protocol, a selection of
an 1mage reconstruction method, a setting of a FOV area, the
number of slices, a slice thickness, a parameter setting with
respect to 1mage post-processing, or the like. Also, the image
processing condition may include a resolution of an 1image,
an attenuation coeflicient setting for the image, setting for an
image combining ratio, or the like.

The mput interface 128 may include a device for recerv-
ing a predetermined input ifrom an external source. For
example, the input interface 128 may include a microphone,
a keyboard, a mouse, a joystick, a touch pad, a touch pen, a
voice recogmition device, a gesture recognition device, or the
like.

The display 130 may display an X-ray image recon-
structed by the 1mage processor 126.

Exchanges of data, power, or the like between the afore-
mentioned elements may be performed by using at least one
of wired communication, wireless communication, and opti-
cal communication.

The communicator 132 may perform communication with
an external device, an external medical apparatus, etc. via a
server 134 or the like. The communication will now be
described with reference to FIG. 4.

FIG. 4 1s a block diagram illustrating the communication
performed by the communicator 132.

The communicator 132 may be wiredly or wirelessly
connected to a network 301 and therefore may perform
communication with the server 134, a medical apparatus

136, or a portable device 138. The communicator 132 may
exchange data with a hospital server or other medical
apparatuses 1 a hospital connected via a picture archiving
and communication system (PACS).
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Also, the communicator 132 may perform data commu-
nication with the portable device 138 or the like, according,
to the digital imaging and communications 1 medicine
(DICOM) standard.

The communicator 132 may transmit and receive data
related to diagnosing the object 10, via the network 301.
Also, the communicator 132 may transmit and receive a
medical 1image obtained from the medical apparatus 136
such as a magnetic resonance imaging (MRI) apparatus, an
X-ray apparatus, or the like.

Furthermore, the communicator 132 may receive a diag-
nosis history or a medical treatment schedule about a patient
from the server 134 and may use the diagnosis history or the
medical treatment schedule to diagnose the patient. Also, the
communicator 132 may perform data communication not
only with the server 134 or the medical apparatus 136 1n a
hospital but also with the portable device 138 of a user or
patient.

Also, the communicator 132 may transmit information
about a device error, information about a quality control
status, or the like to a system manager or a service manager
via the network 301, and may receive a feedback regarding
the mformation from the system manager or service man-
ager.

FIG. 5§ 1illustrates a CT system 500 according to an
exemplary embodiment.

Referring to FIG. 5, the CT system 500 according to the
exemplary embodiment includes two X-ray generators 510
and 520, 1.e., first and second X-ray generators 510 and 520,
and two X-ray detectors 330 and 540 respectively corre-

sponding to the first and second X-ray generators 510 and
520. In detail, each of the first and second X-ray generators
510 and 520 1s one X-ray source. Thus, the CT system 500
including the first and second X-ray generators 510 and 520
may be a ‘dual-source tomography apparatus’ including the
first X-ray generator 510 as one source and the second X-ray
generator 520 as the other source. In detail, the X-ray
detector 330 detects X-rays emitted by the first X-ray
generator 510 while the X-ray detector 540 detects X-rays
emitted by the second X-ray generator 520.

The first and second X-ray generators 510 and 520 may
generate X-rays having an energy or energy band corre-
sponding to a tube current and/or a tube voltage applied
thereto. According to an exemplary embodiment, the first
and second X-ray generators 510 and 3520 may generate
X-rays having the same energy. Furthermore, the first and
second X-ray generators 510 and 520 may generate X-rays
having different energies. In detail, when the same tube
voltage or the same tube current i1s applied to the first and
second X-ray generators 510 and 520, the first and second
X-ray generators 510 and 520 generate X-rays having the
same energy. Furthermore, when different tube voltages or
different tube currents are respectively applied to the first
and second X-ray generators 510 and 520, the first and
second X-ray generators 510 and 520 may emit X-rays
having different energies.

When the first and second X-ray generators 510 and 520
generate X-rays having the same energy, the CT system 500
performs a tomography scan to acquire raw data respectively
as the first and second X-ray generators 510 and 3520 move
over diflerent angular ranges. The acquired raw data are
used to reconstruct a tomography 1image. Even when the two
different X-ray generators, 1.e., the first and second X-ray
generators 510 and 520, are used, the first and second X-ray
generators 510 and 520 may respectively generate X-rays
having the same energy. Thus, the raw data acquired respec-
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tively through the first and second X-ray generators 510 and
520 may be used together to reconstruct a tomography
image.

When raw data 1s acquired over certain angular ranges by
using the first and second X-ray generators 510 and 520 as
in the above exemplary embodiment, a raw data acquisition
time may be reduced by one-hall as compared to when raw
data 1s acquired over the same angular range by using one
X-ray generator. Faster raw data acquisition may shorten the
total time when blurring occurs by one-half, and accordingly
increase temporal resolution. High temporal resolution may
reduce motion artifacts and allow reconstruction of a more
accurate tomography 1mage.

In particular, when the first and second X-ray generators
510 and 520 generate X-rays having different energies, raw
data acquired using X-rays generated by each of the first and
second X-ray generators 510 and 520 may be used to
reconstruct a tomography 1image corresponding to an energy
band of the X-rays used to acquire the raw data. In this case,
the first and second X-ray generators 510 and 520 respec-
tively operate as two diflerent, independent sources. In other
words, a first image corresponding to an energy band of
X-rays generated by the first X-ray generator 310 may be
obtained based on raw data acquired using the X-rays, and
a second 1mage corresponding to an energy band of X-rays
generated by the second X-ray generator 520 may be
obtained based on raw data acquired using the X-rays.

The type of a tissue or body part of an object being clearly
shown 1n an 1image may vary depending on an energy band
of X-rays generated by each of the first and second X-ray
generators 310 and 520. For example, if a first image 1s
obtained by using X-rays having a first energy band, fat
tissue may be imaged more clearly than other tissues. On the
other hand, 11 a second 1mage 1s obtained by using X-rays
having a second energy band that 1s different from the first
energy band, soft tissue may be imaged more clearly than
other tissues. Thus, by reconstructing a tomography image
by using the first and second X-ray generators 510 and 520
that generate X-rays having different energies as described
in the above exemplary embodiment, 1t 1s possible to recon-
struct a tomography i1mage clearly showing a particular
tissue or body part that a user desires to analyze.

FIG. 6 1s a block diagram of a configuration of a tomog-
raphy apparatus 600 according to an exemplary embodi-
ment.

Referring to FIG. 6, the tomography apparatus 600
according to the exemplary embodiment includes a data
acquirer 610, a controller 620, and an 1mage reconstructor
630.

The tomography apparatus 600 may be included in the CT
system 100 or 500 described with reference to FIG. 3 or 6.
Furthermore, the tomography apparatus 600 may be
included in the medical apparatus 136 or the portable device
138 described with reference to FIG. 4 and be connected to
the CT system 500 to be operated. In detail, the tomography
apparatus 600 may be any medical imaging apparatuses
adapted to reconstruct an 1mage from data acquired using
rays that have passed through an object. In other words, the
tomography apparatus 600 may be any medical imaging
apparatus reconstructing a tomography image from projec-
tion data acquired using rays that have passed through an
object. For example, the tomography apparatus 600 may be
a CT apparatus, an optical coherence tomography (OCT)
apparatus, or a positron emission tomography (PET)-CT
apparatus. Thus, a tomography image obtained by the
tomography apparatus 600 may be a CT 1mage, an OCT
image, or a PET image. The following described figures
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show examples in which the tomography image 1s a CT
image. Furthermore, if the tomography apparatus 600 1is
included 1n the CT system 100 described with reference to
FIG. 3, the data acquirer 610 and the image reconstructor
630 shown 1n FIG. 6 may be included 1n the image processor
126 of FIG. 3. Furthermore, the data acquirer 610 may
correspond to the DAS 116 and the data transmitter 120 of
FIG. 3. The controller 620 and the image reconstructor 630
may respectively correspond to the controller 118 and the
image processor 126 of FIG. 3.

The data acquirer 610 performs a tomography scan on an
object to acquire tomography data with respect to the object.
In detail, the object may include an organ. The object may
include at least one of the heart, the abdomen, the uterus, the
brain, a breast, and the liver. For example, the object may
include the heart represented by a surface. In this case, the
heart may include at least one tissue having different inten-
sity values 1n a predetermined region.

The tomography data may be raw data. The raw data may
be projection data obtained by projecting radiation onto the
object, or may be a set of projection data called a sinogram.
Furthermore, the raw data may be an image produced by
performing filtered backprojection (FBP) on projection data
or a sinogram. In detail, when the X-ray generator 106 emaits
an X-ray toward an object at a predetermined position, a
viewpoint ifrom which or direction i which the X-ray
generator 106 faces the object 1s termed a view. Projection
data means raw data acquired for each view, and a sinogram
refers to raw data acquired by sequentially arranging a
plurality of pieces of projection data.

According to an exemplary embodiment, a tomography
image 1s reconstructed based on raw data acquired by using
a plurality of X-ray generators (e.g., the first and second
X-ray generators 310 and 520 of FIG. 5). An example in
which a tomography 1mage is reconstructed based on raw
data acquired by using the first and second X-ray generators
510 and 520 that are two separate X-ray sources for gener-
ating X-rays having diferent energies, like 1in the CT system
500 described with reference to FIG. 5, will be described 1in
detail below.

According to an exemplary embodiment, the data acquirer
610 may obtain a first image by using tomography data
acquired as the first X-ray generator 510 for generating
X-rays having a first energy rotates around the object over
a first angular range. The data acquirer 610 may also obtain
a second 1mage by using tomography data acquired as the
second X-ray generator 320 for generating X-rays having a
second energy rotates around the object over a second
angular range. Thus, the first and second 1mages are respec-
tively captured in {first and second energy bands.

In this case, each of the first and second angular ranges
refers to a partial angular range included in one period of
angular range which 1s less than one rotation. According to
an exemplary embodiment, the first and second angular
ranges each have a value less than 180 degrees. The first and
second 1mages may be partial images. In detail, because the
first and second 1mages are respectively reconstructed only
based on raw data acquired over certain angular ranges, the
first and second 1mages are not complete 1images showing
the whole object but incomplete images showing parts of the
object. An incomplete 1mage showing a part of the object
like the first and second images may be referred to as a
partial 1mage or partial angle image. The partial 1mage may
be reconstructed using a partial angle reconstruction (PAR)
method.

A method of reconstructing a tomography 1image from raw
data acquired as at least one X-ray generator rotates by an
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angle that 1s greater than or equal to 180 degrees and 1s less
than 360 degrees 1s hereinaiter referred to as a half recon-
struction method. A method of reconstructing a tomography
image from raw data acquired as the at least one X-ray
generator rotates by 360 degrees 1s hereinafter referred to as
a full reconstruction method. Furthermore, ‘one period’ 1s
defined as a time period during which or an angle (or a
phase) by which at least one X-ray generator rotates in order
to acquire raw data needed for reconstructing a cross-
sectional tomography 1mage. Furthermore, ‘one period of
angular range’ may be defined as an angular range over
which at least one X-ray generator rotates in order to acquire
raw data needed for reconstructing a cross-sectional tomog-
raphy 1image. Furthermore, the ‘one period of angular range’
may be an interval of projection data necessary to recon-
struct a cross-sectional tomography 1image, and 1n this case,
may also be referred to as ‘one period of angular range for
projection data’.

For example, in half reconstruction performed by the CT
system 100 including one X-ray generator 106, one period
may be greater than or equal to 180°. For full reconstruction,
one period may be 360 degrees. For example, for half
reconstruction using a parallel beam obtained by performing
a rebinning procedure, one period of angular range for
projection data may be 180 degrees plus a fan angle'. For
example, 11 a fan angle 1s about 60 degrees, one period of
angular range for projection data in half reconstruction may
be about 240 (180+60) degrees. For full reconstruction, one
period of angular range may be about 360 degrees plus the
fan angle, 1.¢., 420 (360+60) degrees.

According to an exemplary embodiment, the CT system
500 includes two X-ray generators, 1.€., the first and second
X-ray generators 510 and 520 for generating X-rays having
different energies. In other words, the CT system 500 may
include the first X-ray generator 510 for generating X-rays
having a first energy and the second X-ray generator 320 for
generating X-rays having a second energy.

According to an exemplary embodiment, the data acquirer
610 may acquire raw data corresponding to an angular range
of 180 degrees plus an extra angle by using the first and
second X-ray generators 510 and 520, and the extra angle
may be 1n the range of about 30 degrees to about 70 degrees.
The extra angle may vary depending on at least one of a
shape of a beam used and specifications for a CT system and
an X-ray generator.

As described above, the type of a tissue or body part of an
object being clearly shown 1n an 1image may vary depending
on an energy band of X-rays generated by each of the first
and second X-ray generators 5310 and 520. Thus, when a
tomography 1mage 1s reconstructed by using the first and
second X-ray generators 510 and 520 that generate X-rays
having different energies as described 1n the above exem-
plary embodiment, 1t 1s possible to obtain a tomography
image clearly showing a particular tissue or body part that
the user desires to analyze.

An operation of the tomography apparatus 600 according
to the exemplary embodiment will now be described 1n more
detail.

The data acquirer 610 may obtain a first image as a partial
image by using tomography data acquired as the first X-ray
generator 510 for generating X-rays having a first energy
and the second X-ray generator 520 for generating X-rays
for generating X-rays having a second energy respectively
rotate around an object over first and second angular ranges.
The data acquirer 610 may also obtain a second 1mage as a
partial image by using tomography data acquired as the first
and second X-ray generators 310 and 520 respectively rotate
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around the object over the second angular range and a third
angular range that 1s opposite to the first angular range. In
this case, the first and second i1mages are respectively
captured 1n first and second energy bands.

In this case, each of the first through third angular ranges
1s a partial angular range included 1n one period of angular
range which 1s less than one rotation. According to an
exemplary embodiment, the first through third angular
ranges may each have a value less than 180 degrees.
Furthermore, the first and second images are partial images.
In detail, because the first and second i1mages are respec-
tively reconstructed only based on raw data acquired over
certain angular ranges, the first through fourth 1mages are
not complete 1mages showing the whole object but incom-
plete 1images showing parts of the object.

The first and second X-ray generators 510 and 520 are
used like i the CT system 3500, and the first and second
X-ray generators 510 and 520 that generate X-rays having
different energies may respectively operate as different,
independent sources. Thus, one period for half reconstruc-
tion 1s greater than or equal to 180 degrees while one period
tor full reconstruction 1s 360 degrees.

According to an exemplary embodiment, the data acquirer
610 may acquire two pieces of raw data corresponding to
180 degrees plus an extra angle by using the first and second
X-ray generators 510 and 520. In this case, the extra angle
may be 1n a range of about 30 degrees to about 70 degrees.
The extra angle may vary depending on at least one of a
shape of a beam used and specifications for a CT system and
an X-ray generator.

In this case, when the first and second X-ray generators
510 and 520 are spaced at a 90-degree interval and rotate,
one period for half reconstruction 1s greater than or equal to
90 degrees when a fan angle 1s taken 1into account, while one
period for full reconstruction 1s greater than or equal to 270
degrees. Thus, raw data 1s acquired over one period of
angular range as the first and second X-ray generators 510
and 520 respectively rotate around the object by 90 degrees
plus a fan angle. In this case, the fan angle may be less than
or equal to 90 degrees.

When a halfl reconstruction method 1s performed using
one X-ray generator to reconstruct a tomography 1image, one
pertod of angular range 1s greater than or equal to 180
degrees. On the other hand, when a tomography 1mage 1s
reconstructed by using two X-ray generators, 1.¢., the first
and second X-ray generators 510 and 3520 that rotate simul-
taneously, one period of angular range may be reduced to
greater than or equal to 90 degrees. In other words, use of the
first and second X-ray generators 510 and 520 reduces an
angular range over which the first and second X-ray gen-
erators 510 and 520 rotate for reconstruction of a tomogra-
phy 1mage, thereby shortening the amount of time required
to acquire data necessary for the reconstruction and accord-
ingly increasing temporal resolution. Thus, according to an
exemplary embodiment, more accurate tomography image
may be reconstructed.

The controller 620 acquires motion mnformation. In this
case, the motion information may be information represent-
ing motion of a surface forming an object over time.
Furthermore, the amount of motion may be generated due to
motion of the object and may be at least one of differences
between shapes, sizes, and positions of the object 1n the first
and second 1mages.

The 1mage reconstructor 630 reconstructs a target 1image
by using motion information. The 1image reconstructor 630
reconstructs a target image by correcting motion of an object
based on motion information. In detail, the 1image recon-
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structor 630 may reconstruct a target 1mage by warping an
image showing the object, an 1mage grid for imaging the
object, or a voxel representing the object. In this case,
warping means adjusting an object in an i1mage to fit a
predicted state of the object by changing a state of the object,
¢.g., by expanding and contracting the object, moving a
position of the object, and/or changing a shape thereof.

According to an exemplary embodiment, the image
reconstructor 630 may reconstruct a target image based on
first and second reconstructed 1mages that are respectively
generated based on tomography data acquired during rota-
tion of the first and second X-ray generators 510 and 520 by
using the motion information. In this case, the 1mage recon-
structor 630 may reconstruct the target image by performing,
image registration between the first and second recon-
structed 1mages.

As described above, the type of a tissue or body part of an
object being clearly shown 1n an 1image may vary depending
on an energy band of X-rays generated by each of the first
and second X-ray generators 510 and 520. Thus, when two
tomography 1images corresponding to diflerent energy bands
are reconstructed by using the first and second X-ray gen-
erators 510 and 3520 that generate X-rays having different
energies and registered with each other, as described 1n the
above exemplary embodiment, 1t 1s possible to obtain a
tomography 1mage clearly showing a particular tissue or
body part that a user desires to analyze.

The target time point may be set by the 1mage reconstruc-
tor 630 1tself, or may be set to a predetermined value
received from the user.

Furthermore, a tomography 1mage may be reconstructed
using various reconstruction methods. Examples of recon-
struction methods used by the tomography apparatus 600
may include backprojection, FBP, an iterative method, etc.

Backprojection 1s a technique for reconstructing an image
by adding up projection data acquired from a plurality of
views back across an 1mage plane. In detail, the backpro-
jection method allows acquisition of an 1image similar to a
real 1mage by using the projection data acquired from the
plurality of views. Furthermore, filtering may be performed
additionally to remove artifacts 1n a reconstructed image and
improve quality of the reconstructed image.

FBP 1s a technmique that improves the performance of
backprojection 1n order to eliminate artifacts or blurring that
may occur during the backprojection. In the FBP method,
raw data 1s filtered and then backprojected to reconstruct a
tomography 1mage.

The FBP method 1s the most commonly used 1n recon-
struction ol a tomography image. This method 1s easy to
implement and 1s eflective in terms of the amount of
computation required for image reconstruction. The FBP
method 1s a method of mathematically deriving an mnverse
transform from a Radon transform that 1s a process of
acquiring a sinogram from a 2D image and allows simple
expansion of a 2D 1mmage to a 3D 1mage. In detail, according
to the FBP method, projection data 1s filtered using a Shepp
and Logan filter that 1s one type of high-pass filters and
back-projected to reconstruct an image.

An example in which a tomography image 1s recon-
structed using a FBP method will be described in detail
below.

Although not shown in the drawings, according to an
exemplary embodiment, the tomography apparatus 600 may
turther include a display, a user interface, a storage, and a
communicator.

If an object moves like the heart, a time period or angle
corresponding to one period, during which raw data 1s
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acquired, has to be minimized i order to reduce motion
artifacts present 1n a reconstructed tomography image.
Because a half reconstruction method may reduce motion
artifacts more effectively than a full reconstruction method,
an example 1n which a target 1image 1s reconstructed using a
half reconstruction method will be described below.

FIGS. 7A and 7B are diagrams for explaining an operation
of the tomography apparatus 600 according to an exemplary
embodiment.

Referring to FIGS. 7A and 7B, according to an exemplary
embodiment, the tomography apparatus 600 may use tomog-
raphy data acquired by using two X-ray generators for
generating X-rays having different energies, 1.e., first and
second X-ray generators 710 and 720. Because the first and
second X-ray generators 710 and 720 respectively corre-
spond to the first and second X-ray generators 510 and 520
described with reference to FIG. 5, descriptions that are
already provided with respect to FIG. § will be omitted here.

Referring to FIGS. 7A and 7B, a first image 750 1s
captured as the first X-ray generator 710 rotates over a {irst
angular range 711 during a first time interval T1 while the
second X-ray generator 720 simultaneously rotates over a
second angular range 712. Furthermore, a second image 760
1s captured as the first X-ray generator 710 rotates over the
second angular range 712 during a second time interval 12
while the second X-ray generator 720 simultaneously rotates
over a third angular range 713. The first and second 1mages
750 and 760 are not complete 1mages showing the whole
object but incomplete 1images, 1.e., partial images showing
parts of the object.

Referring to FIG. 7A, scanning 1s performed on an object
701 during a time interval between time points t=a and t=b
by using the first and second X-ray generators 710 and 720.

As described above, the type of a tissue or body part of an
object being clearly shown 1n an 1image may vary depending
on an energy band of X-rays generated by each of the first
and second X-ray generators 310 and 520. Thus, when a
tomography 1mage 1s reconstructed by using the first and
second X-ray generators 510 and 520 that generate X-rays
having different energies as described in the above exem-
plary embodiment, 1t 1s possible to obtain a tomography
image clearly showing a particular tissue or body part that a
user desires to analyze.

Furthermore, when raw data 1s acquired over a certain
angular range using the first and second X-ray generators
510 and 520, raw data acquisition time may be reduced by
one-half, as compared to when raw data 1s acquired over the
same angular range by using one X-ray generator. Faster raw
data acquisition may shorten the total time when blurring
occurs by one-half, and accordingly increase temporal reso-
lution. High temporal resolution may reduce motion artifacts
and allow more accurate reconstruction of a tomography
image.

FIG. 7B 1s a schematic diagram 1llustrating partial images
respectively captured during the first and second time inter-
vals T1 and T2. During a tomography scan using X-rays, a
portion of a surface being clearly imaged may vary accord-
ing to a direction of an X-ray beam. In detail, a portion of
the surface extending 1n a direction similar to a direction of
an X-ray beam may be imaged more clearly than other
portions thereof.

As seen on the first image 730, a surface 740 in a
longitudinal direction may be clearly imaged because the
first X-ray generator 710 emits X-rays in the longitudinal
direction. In this case, because the second X-ray generator
720 emits X-rays 1n a transverse direction, a surface 730 1n
the transverse direction may also be clearly imaged. Fur-
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thermore, as seen on the second 1mage 760, a surface 741 1n
the transverse direction may be clearly imaged because the
first X-ray generator 710 emits X-rays 1n the transverse
direction. In this case, because the second X-ray generator
720 emits X-rays 1n the longitudinal direction, a surface 731
in the longitudinal direction may also be clearly imaged.

In this way, use of the two X-ray generators (e.g., the first
and second X-ray generators 710 and 720) allows a wider
area of a surface to be clearly imaged as compared to use of
one X-ray generator. In other words, surfaces in transverse
and longitudinal directions may be clearly imaged during
both the first and second time intervals T1 and T2, and
accuracy ol motion information representing motion of the
object over time may be increased. Furthermore, by per-
forming motion correction on an initial 1mage based on
highly accurate motion information, it 1s possible to reduce
motion artifacts in a finally reconstructed target image.

In this case, images that can be obtained during the first
and second time intervals T1 and T2 may be incomplete
images reconstructed according to a PAR method.

Furthermore, by comparing the first image 750 acquired
during the first time interval T1 with the second image 760
acquired during the second time interval T2, 1t 1s possible to
estimate motion of the object 701 during the time interval
between the time points t=a and t=b. The estimated motion
of the object 701 may then be used for subsequent recon-
struction of a tomography 1mage.

In detail, the same surface of the object 701 1s detected
during a scan in the first and second time itervals T1 and
12. Thus, a PAR method may be used to reconstruct a
tomography 1mage based images acquired during the first
and second time intervals T1 and T2.

According to an exemplary embodiment, the tomography
apparatus 600 may reconstruct a tomography 1image by using
the first and second X-ray generators 710 and 720 that rotate
over a smaller angular range than one X-ray generator used
in half reconstruction or full reconstruction, thus shortening
raw data acquisition time. Faster data acquisition may
increase temporal resolution and minimize motion artifacts.
Furthermore, because surfaces in both the transverse and
longitudinal directions may be clearly imaged for a view, the
amount ol motion of the object may be measured accurately,
as described below with reference to FIG. 8.

FIG. 8 1s a diagram for explaining motion of an object.

FIG. 8 1llustrates motion of the object during the operation
of the tomography apparatus 600 Illustrated in FIGS. 7A and
7B. In FIGS. 7A and 7B and 8, like reference numerals refer
to like elements.

As apparent from FIG. 8, a size of the object 701 1n the
second time interval T2 1s increased compared to that of the
object 701 in the first time interval T1. In other words, a size
of the object 701 is increased from a first size 810 to a
second si1ze 820 between the first and second time intervals
T1 and T2. The object 701 represented as a surface 1n a 3D
tomography 1mage may be depicted as edges (e.g., 730, 731,
740, and 741) 1n a 2D tomography image shown in FIG. 8.

By comparing the first image 750 acquired during the first
time nterval T1 with the second 1mage 760 acquired during
the second time 1nterval T2, motion of the object 701 during
the time nterval between the time points t=a and t=b may be
estimated. In detail, by comparing diflerences between cor-
responding edges (e.g., by comparing a diflerence between
the edges 730 and 741 and a difference between the edges
731 and 740) respectively included 1n the first and second
images 750 and 760 and representing the same surface of the
object 701, the extent of motion of the object 701 may be
determined.
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Furthermore, a 3D tomography image may be recon-
structed as first and second i1mages, and then the first and
second 1mages may be used to determine the amount of
motion of the object. When a 3D tomography image 1s
reconstructed as first and second images, the amount of
motion of an object that occur during a time 1nterval between
time points t=a and t=b may be determined by comparing,
differences between corresponding edges respectively
included in the first and second images 750 and 760 and
representing the same surface of an object.

FIGS. 9A and 9B are other diagrams for explaining an
operation of the tomography apparatus 600 according to an
exemplary embodiment. In FIGS. 7A and 7B and 9A and 9B,
like reference numerals refer to like elements.

FIGS. 9A and 9B 1llustrate a process whereby the tomog-
raphy apparatus 600 including the first and second X-ray
generators 710 and 720 disposed at 90-degree intervals
performs a tomography scan for reconstructing an image.

Referring to FIG. 9A, raw data 1s acquired as the first and
second X-ray generators 710 and 720 rotate 90 degrees
around the object 701 during a time interval between time
points t=0 and t=t_,_ , and emits X-rays. While FIG. 9 shows
for convenience that the first and second X-ray generators
710 and 720 rotate 90 degrees, the first and second X-ray
generators 710 and 720 have to rotate by 90 degrees plus an
extra angle during an actual scan. The acquired raw data 1s
used to reconstruct a tomography 1image. In detail, a plurality
ol pieces of filtered projection data are acquired as the first
and second X-ray generators 710 and 720 emit X-rays at a
plurality of poimnts (a plurality of views) during rotation
thereol. The plurality of pieces of filtered projection data are
then accumulated and backprojected to reconstruct a tomog-
raphy 1mage. In other words, an 1image of an object may be
obtained by a backprojection process whereby filtered pro-
jection data 1s applied to 1image pixels.

However, a mismatch in surface information between
pieces of filtered projection data respectively acquired at a
plurality of views occurs due to motion of an object. Thus,
if a plurality of pieces of filtered projection data acquired
during one period of angular range are accumulated, a
surface of an object may not be clearly represented and
appear blurred. Thus, 1t 1s possible to obtain a clearer image
by reconstructing a tomography image after estimating
motion of the object and performing motion correction on an
initial 1mage based on the estimated motion of the object.

According to an exemplary embodiment, the first 1mage
750 1s acquired as the first and second X-ray generators 710
and 720 simultaneously rotate around the object 701 being
scanned over the first and second angular ranges 711 and
712, respectively, during the first time interval T1. Further-
more, the second 1image 760 1s acquired as the first and
second X-ray generators 710 and 720 simultaneously rotate
around the object 701 being scanned over the second and
third angular ranges 712 and 713, respectively, during the
second time interval T2. In this case, because the first and
second 1mages 750 and 760 are reconstructed only based on
raw data acquired over certain angular ranges, they are not
complete 1images showing the whole object but incomplete
images, 1.€., partial images, showing parts of the object.

In PAR, a portion being clearly shown 1n a reconstructed
image may vary according to a view angle at which an X-ray
1s emitted. In detail, surfaces (undergo more or less sampling
according to a view angle. According to an exemplary
embodiment, because the tomography apparatus 600
includes the first and second X-ray generators 710 and 720
disposed at a 90-degree interval, surfaces 1n both the trans-
verse and longitudinal directions may be imaged clearly.
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Thus, almost all surfaces may be imaged clearly. Further-
more, 11 a target time point 1s set to a mid time point between
start and end time points, even edges of the surfaces 1n the
transverse and longitudinal directions may be clearly
imaged.

FIG. 9B illustrates surfaces of the object 701 scanned
during rotation of the first and second X-ray generators 710
and 720. The first and second X-ray generators 710 and 720
are disposed at a 90-degree interval so that almost all the
surfaces of the object 710 may be clearly imaged.

According to an exemplary embodiment, by comparing
the first image 750 acquired during the first time interval T1
with the second 1mage 760 acquired during the second time
interval T2, 1t 1s possible to estimate motion of the object
701 during the time 1nterval between the time points t=0 and
t=t_ .. In detail, by comparing differences between corre-
sponding edges (e.g., by comparing a difference between the
edges 730 and 741 and a difference between the edges 731
and 740) respectively included 1n the first and second 1images
750 and 760 and representing the same surface of the object
701, the extent of motion of the object 701 may be deter-
mined. A target image may be obtained by correcting motion
ot the object 701 at target time point t,, ., between t=0 and
t=t_, , based on the estimated motion of the object 701.

In the exemplary embodiments shown 1 FIGS. 7A, 7B,
8, 9A, and 9B, 1t has been described that the first image 750
includes all surfaces of the object 710 scanned by rotation of
the first and second X-ray generators 710 and 720 during the
first time 1nterval T1. Unlike 1n the exemplary embodiments,
a first image may be an 1mage of a surface of the object 701
captured by rotation of the first X-ray generator 710 during
the first time interval T1, and a second 1mage may be an
image of a surface of the object 701 captured by rotation of
the second X-ray generator 720 during the second time
interval T2. In this case, a narrower surface may be imaged
than 1n the exemplary embodiments shown 1in FIGS. 7A, 7B,
8. 9A, and 9B. However, the amount of data that needs to be
processed may be reduced and thus, data processing time
may be shortened.

FIG. 10 1s a diagram for explaining a method of recon-
structing a tomography image, according to an exemplary
embodiment.

In particular, FIG. 10 relates to a method of reconstructing,
a tomography 1image based on data acquired while scanning
an object 1010 as the first and second X-ray generators 710
and 720 rotate. Referring to FIG. 10, projection data is
acquired as the first and second X-ray generators 710 and
720 emit X-rays toward the object 1010 respectively at a
plurality of positions having a predetermined angle interval
as they move along a circular source trajectory 1090. Then,
filtered projection data 1s acquired by filtering the projection
data.

A plurality of circular points along the circular source
trajectory 1090 represent positions where the first X-ray
generator 710 1s located to emit X-rays. Furthermore, a
plurality of squares represent positions where the second
X-ray generator 720 1s located to emit X-rays. For example,
the first and second X-ray generators 710 and 720 may emait
X-rays toward the object 1010 by moving at predetermined
intervals such as every 0.5-degree, 1-degree, or 3-degree
intervals. The first X-ray generator 710 rotates starting from
a first position T1 and ending at a second position T2.
Furthermore, the second X-ray generator 720 rotates starting
from the second position T2 and ending at a third position
T3. According to an exemplary embodiment, although an
extra angle has to be further taken into account during
rotation of the first and second X-ray generators 710 and
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720, for convenience of explanation, positions where the
first and second X-ray generators 710 and 720 rotate are
assumed herein to be the first through third positions T1
through T3. If the first position T1 1s 0 degree, the third
position T3 may correspond to 180 degrees. In this case,
when the first and second X-ray generators 710 and 720 are
coupled to the same rotating frame 104 for rotation thereof,
the first and second X-ray generators 710 and 720 have the
same angular velocity. In other words, because the first and
second X-ray generators 710 and 720 rotate over different
angular ranges, the angular ranges respectively have the
same start points (t;=0 and t,=0) and the same end points
(t,=end and t,=end).

In detail, when the first X-ray generator 710 emits X-rays
toward the object 1010 while rotating over a first angular
range 1001, a signal 1081 1s acquired which 1s the same as
a signal acquired as an X-ray emitted from the first position
T1 toward the object 1010 passes through the object 1010.
Furthermore, when the second X-ray generator 720 emits
X-rays toward the object 1010 while rotating over a second
angular range 1002 during the same time interval, a signal
1082 1s acquired which 1s the same as a signal acquired as
an X-ray emitted from the second position T2 toward the
object 1010 passes through the object 1010. The acquired
signals 1081 and 1082 may each have varying values on a
surface of the object 1010 due to a diflerence 1n the rate of
penetration of the X-rays through materials. In detail, values
of the signal 1081 or 1082 may vary on surfaces that are
parallel to directions that X-rays are emitted.

Furthermore, when the first X-ray generator 710 emits
X-rays toward the object 1010 while rotating over a first
target angular range, a signal 1083 1s acquired which 1s the
same as a signal acquired as an X-ray emitted toward the
object 1010 at a first target time point t,=target passes
through the object 1010. Furthermore, when the second
X-ray generator 720 emits X-rays toward the object 1010
while rotating over a second target angular range during the
same time interval, a signal 1084 1s acquired which 1s the
same as a signal acquired as an X-ray emitted toward the
object 1010 at a second target time point t2=target passes
through the object 1010. The acquired signals 1083 and
1084 may each have varying values on a surface of the
object 1010 that 1s parallel to a direction in which an X-ray
1s emitted.

Furthermore, when the first X-ray generator 710 emits
X-rays toward the object 1010 while rotating over the
second angular range 1002, a signal 1083 1s acquired which
1s the same as a signal acquired as an X-ray emitted from the
second position 12 toward the object 1010 passes through
the object 1010. Furthermore, when the second X-ray gen-
crator 720 emits X-rays toward the object 1010 while
rotating over a third angular range 1003 during the same
time 1nterval, a signal 1086 1s acquired which 1s the same as
a signal acquired as an X-ray emitted from the third position
T3 toward the object 1010 passes through the object 1010.
The acquired signals 1085 and 1086 may each have varying
values on a surface of the object 1010 that 1s parallel to a
direction that an X-ray 1s emitted.

Because each of the signals 1081 through 1086 includes
information about a surface that 1s parallel to a direction 1n
which an X-ray 1s emitted, an 1image 1s obtaimned by per-
forming FBP on each of the signals 1081 through 1086. The
obtained 1mage contributes to 1maging the surface that is
parallel to a direction 1n which an X-ray 1s emitted. In other
words, projection data acquired at each view contributes to
imaging a surface of the object corresponding to the view.
This method may be explained using a Fourier slice theorem
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that describes the relationship between a value of projection
data acquired by projecting a parallel beam to the object
1010 and a frequency component of an 1mage. In this case,
a ‘view’ corresponds to a direction, a position, and/or a
rotational angle where the first and second X-ray generators

710 and 720 emit X-rays toward the object 1010.

As described above, the type of a tissue or body part of an
object being clearly shown 1n an 1image may vary depending
on an energy band of X-rays generated by each of the first
and second X-ray generators 510 and 3520. These character-
istics will be described again below with reference to FIG.

14.

Furthermore, the DAS 116 described with reference to
FIG. 3 may acquire a signal (e.g., the signal 1081). The
image processor 126 may process the acquired signal 1081
to generate filtered projection data and then backproject the
filtered projection data to obtain an 1mage.

In detail, when a plurality of pieces of filtered projection
data are acquired while the first and second X-ray generators
710 and 720 emit X-rays at a plurality of points (a plurality
of views) during rotation thereof, the plurality of pieces of
filtered projection data are accumulated and backprojected
to reconstruct a tomography image. In other words, an 1image
representing the object 1010 may be obtained by a back-
projection process whereby the pieces of filtered projection
data are applied to 1image pixels.

However, a mismatch i1n surface information between
pieces of filtered projection data respectively acquired at a
plurality of views occurs due to motion of an object. Thus,
if a plurality of pieces of filtered projection data acquired
during one period of angular range are accumulated, a
surface of an object may not be clearly represented and
appear blurred. Thus, it 1s possible to obtain a clearer image
by reconstructing a tomography image after estimating
motion of the object and performing motion correction on an
initial 1image based on the estimated motion of the object. A
process ol acquiring motion information based on the

obtained 1image and reconstructing a target image will now
be described with reference to FIGS. 10 and 11A and 11B.

Retferring to FIGS. 10 and 11A, a first image 1110 1s
obtained by using pieces ol projection data corresponding to
the first and second angular ranges 1001 and 1002 and
respectively acquired as the first and second X-ray genera-
tors 710 and 720 rotate around the object 1010. Surfaces
1111 through 1114 forming a first entity 1020 and surfaces
1115 through 1118 forming a second entity 1030 are shown
in the first image 1110. Furthermore, a second 1image 1120 1s
obtained by using pieces of projection data corresponding to
the second and third angular ranges 1002 and 1003 and
respectively acquired as the first and second X-ray genera-
tors 710 and 720 rotate around the object 1010. Surfaces
1121 through 1124 forming the first entity 1020 and surfaces
1125 through 1128 forming the second entity 1030 are
shown 1n the second 1mage 1120. In other words, pieces of
projection data acquired at each view or over a predeter-
mined angular range included 1n one period of angular range
contribute to 1maging different surfaces or regions of the
object 1010. According to an exemplary embodiment, by
acquiring projection data via the first and second X-ray
generators 710 and 720, an area that can be 1imaged at one
time may be increased. In this case, because the first and
second 1images 1110 and 1120 are reconstructed only from
raw data acquired over certain angular ranges, the first and
second 1mages 1110 and 1120 may be complete images
showing the whole object 1010 but incomplete 1mages, 1.€.,
partial 1mages showing parts of the object 1010.
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Furthermore, because the first and second images 1110
and 1120 are reconstructed from projection data acquired 1n
a short time by using the first and second X-ray generators
710 and 720, the total time when blurring occurs 1s short-
ened, and accordingly a high temporal resolution 1s pro-

vided. Thus, the first and second 1mages 1110 and 1120 may
have minimized motion artifacts.

Because surfaces of the same part of the object 1010 are
shown 1n the first and second 1images 1110 and 1120, the data
acquirer 610 acquires a motion vector field (MVF) 1140
representing motion of the object 1010 by comparing the
first image 1110 with the second image 1120 as illustrated 1n
an 1mage 1130. The MVF 1140 includes vectors, each vector
representing a direction of movement of a surface of the
same part of the object 1010 and extent (a magnitude) of
movement thereof. Thus, motion information representing,
the amounts of motion of the object 1010 over time between
time points t;,=0 and t,=end and between time points t,=0
and t,=end may be acquired based on the MVF 1140. The
extent of motion of the object 1010 at target time points
t,=target and t,=target may be predicted based on the motion
information. Alternatively, a state of the object 1010 includ-
ing at least one of a size, a shape, and a position of the object
1010 at the target time point t,=target (t,=target) may be
predicted using the motion information. In this case, as
described above, when the first and second X-ray generators
710 and 720 are coupled to the same rotating frame 104 for
rotation thereot, the first and second X-ray generators 710
and 720 have the same angular velocity. In other words,
because the first and second X-ray generators 710 and 720
rotate over diflerent angular ranges, the angular ranges
respectively have the same start points (t,=0 and t,=0) and
the same end points (t,=end and t,=end).

Before reconstructing a target image, by using the motion
information, the i1mage reconstructor 630 may perform
motion correction on a surface or region of the object 1010
being 1maged using pieces ol projection data acquired at
time points other than the target time points t,=target and
t,=target and not on a surface or region of the object 1010
being 1maged using projection data acquired at the target
time points t,=target and t,=target. In detail, a total amount
by which the object 1010 has moved between time points
t,=0 and t,=end and between time points t,=0 and t,=end 1s
defined as a total amount of motion W, and the total amount
of motion W=1. In this case, the amount of motion W may
correspond to differences between the amounts of motion
W1 at the start time point t1=0 and the target time point
t1=target and between the amounts of motion W2 at the start
time point t2=0 and the target time point t2=target. In this
case, a corrected partial image may be generated by per-
forming motion correction on a partial image based on the
amount ol motion that has occurred during an interval
between the start time point t,=0 (t,=0) and the target time
point t,=target (t,=target) against the total amount of motion
W. Because corrected partial images accurately reflect states
of motion of the object 1010 at the target time points
t,=target and t,=target, the target 1mage reconstructed using
the corrected partial images may have minimized motion
artifacts.

Referring to FIG. 11B, an x-axis and a y-axis respectively
represent time and motion of an object. I motion of the
object 1s O at t=0, motion of the object 1s assumed to be 1 at
t=t__. when rotation ends. Furthermore, 1f t=t__, 1s the time
required for two X-ray generators to rotate over one period
of angular range, the time required for one X-ray generator
to rotate over the same period of angular range may be about
2xt In other words, use of the two X-ray generators
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reduces an angular range over which the two X-ray genera-
tors have to rotate for reconstruction of a tomography 1mage.

Thus, the time needed to acquire data for reconstruction
of a tomography image may be reduced, and temporal
resolution may be increased. According to an exemplary
embodiment, it 1s therefore possible to reconstruct a more
accurate tomography image.

FIGS. 12A and 12B are other diagrams for explaiming an
operation of the tomography apparatus 600 according to an
exemplary embodiment, and FIG. 13 1s a graph of the
amount of motion of an object with respect to time. In FIGS.
7A, 7B, and 12, like reference numerals refer to like
clements.

Retferring to FIGS. 12A and 12B, the tomography appa-
ratus 600 may use tomography data acquired by using the
first and second X-ray generators 710 and 720. In FIG. 12A,
scanning 1s performed on the object 701 during a time
interval from t=0 to t=t,,, by using the first and second
X-ray generators 710 and 720.

FIG. 12B illustrates motions of the object 701 at time
points t=0, t=t,,, and t=t,,, during a tomography scan. As
seen on FIG. 12B, motion of the object 701 occurs to a
relatively small extent during an interval between t=0 and
t=t,5, while motion to the object 701 occurs to a relatively
large extent during an interval between t=t,, and t=t, 4. FIG.
13 i1s a graph of the amount of motion of the object 701 with
respect to time.

Referring to FIG. 13, an x-axis and a y-axis respectively
represent time and motion of an object. If motion of the
object 1s O at t=0, motion of the object 1s assumed to be 1 at
t=t, s, when rotation ends. When data 1s acquired using only
one X-ray generator (e.g., the second X-ray generator 720),
because motion information 1s generated based on partial
images acquired at t=0 and t=t,,,, the motion information
cannot retlect a change of motion that occurs between t=0
and t=t,, (e.g., at t=t,,). In other words, the amount of
motion between t=0 and t=t,,, may only be estimated as
indicated by a dotted line 1310.

On the other hand, when data 1s acquired using two X-ray
generators (e.g., the first and second X-ray generators 710
and 720), because motion nformation may be generated
based on partial 1mages acquired at t=0 and t=t,, and partial
images acquired at t=t,, and t=t,.,, more accurate motion
information may be acquired by retlecting even a change of
motion that occurs between t=0 and t=t,, (e.g., at t=ty,). In
other words, the amount of motion between =0 and t=t, 4,
may be estimated as indicated by a solid line 1320.

In this way, when a tomography scan 1s performed by
using two X-ray generators (e.g., the first and second X-ray
generators 710 and 720) during a time interval having the
same length as when using one X-ray generator, more
accurate motion mmformation may be acquired, and a more
accurate reconstructed image may be obtained.

FIGS. 14A and 14B are diagrams for explaining about a
process of reconstructing a tomography 1image according to
an exemplary embodiment.

FIGS. 14A and 14B respectively illustrate raw data
respectively acquired by using the first and second X-ray
generators 710 and 720. In other words, images 1411, 1421,
1431, 1441, 1451, and 1461 may be obtained by performing
FBP on the signals 1471 through 1476, respectively.

Referring to FIGS. 10 and 11A, the object 1010 may
include first and second entities 1020 and 1030. In this case,
energy bands of X-rays that can image the first and second
entities 1020 and 1030 clearly are different from each other.

Referring to FIG. 14A, 1n the images 1411, 1431, and

1451 obtained by using the first X-ray generator 710, first
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entities 1412, 1432, and 1452 are shown more clearly than
second entities 1413, 1433, and 1453. On the other hand,

referring to FIG. 14B, 1n the images 1421, 1441, and 1461
obtained by the second X-ray generator 720, second entities
1423, 1443, and 1463 are shown more clearly than first
entities 1422, 1442, and 1462. In other words, X-rays
generated by the first X-ray generator 710 have an energy
band that can image the first entities 1412, 1432, and 1452
more clearly than the second entities 1413, 1433, and 1453,
while X-rays generated by the second X-ray generator 720
have an energy band that can image the second entities 1423,
1443, 1463 more clearly than the first entities 1422, 1442,
and 1462. In this way, 1mages are obtained by using the first
and second X-ray generators 710 and 720 for generating
X-rays having different energy bands, and a target image 1s
reconstructed based on the obtained 1images, thereby allow-
ing reconstruction of a more accurate tomography 1mage.

FIG. 15 1s another diagram for explaining about a process
of reconstructing a tomography image according to an
exemplary embodiment.

FIG. 15 illustrates a process of reconstructing a target
image 1530 based on images 1510 and 1520 respectively
obtained by using the first and second X-ray generators 710
and 720.

In the image 1510 obtained by the first X-ray generator
710, a first entity 1511 appears clearer than a second entity
1512. In the image 1520 obtained by the second X-ray
generator 720, a second entity 1522 appears clearer than a
first entity 1521. According to an exemplary embodiment,
the 1mage reconstructor 630 of the tomography apparatus
600 may reconstruct the target image 1530 based on the
images 1510 and 1520 respectively obtained by the first and
second X-ray generators 710 and 720. In this case, by
selecting and registering portions clearly shown in the
images 1510 and 1520 respectively obtained by the first and
second X-ray generators 710 and 720, a more accurate
tomography 1mage may be reconstructed.

FIG. 16 1s a flowchart of a method of reconstructing a
tomography image according to an exemplary embodiment.

Referring to FIG. 16, a first image 1s obtained by using
tomography data acquired as a first X-ray generator for
generating X-rays having a first energy rotates around an
object over a first angular range, and a second 1mage 1s
obtained by using tomography data acquired as a second
X-ray generator for generating X-rays having a second
energy rotates around the object over a second angular range
(operation 1610). According to an exemplary embodiment,
the first and second 1images may be partial images, and the
first and second angular ranges may be opposite to each
other. Furthermore, the first and second angular ranges may
be less than 180 degrees, respectively. In addition, two
pieces of tomography data corresponding to an angular
range of 180 degrees plus an extra angle may be acquired by
respectively using the first and second X-ray generators, and
the extra angle may be 1n a range of about 30 degrees to
about 70 degrees. Operation 1610 may be performed by the
data acquirer 610 of the tomography apparatus 600.

Thereafter, motion information representing the amount
of motion of the object over time 1s acquired by using the
first and second 1mages (operation 1620). According to an
exemplary embodiment, the motion information may repre-
sent the amount of motion of a surface forming the object.
Operation 1620 may be performed by the controller 620 of
the tomography apparatus 600.

Lastly, a target image showing the object at a target time
point 1s reconstructed by using the motion information
(operation 1630). According to an exemplary embodiment,
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the target 1mage may be reconstructed based on first and
second reconstructed 1mages which are respectively gener-
ated based on tomography data acquired during rotation of
the first and second X-ray generators by using the motion
information. Then, the target image may be reconstructed by
performing 1mage registration between the first and second
reconstructed images. Operation 1630 may be performed by
the 1mage reconstructor 630 of the tomography apparatus
600 data acquirer.

FIG. 17 1s a flowchart of a method of reconstructing a
tomography 1image according to another exemplary embodi-
ment.

Referring to FIG. 17, first, a first image that 1s a partial
image 1s obtained by using tomography data acquired as a
first X-ray generator for generating X-rays having a first
energy and a second X-ray generator for generating X-rays
having a second energy respectively rotate around an object
over a first angular range and a second angular range, and a
second 1mage that 1s a partial 1mage 1s obtained by using
tomography data acquired as the first and second X-ray
generators respectively rotate around the object over the
second angular range and a third angular range that 1s
opposite to the first angular range (operation 1710). Accord-
ing to an exemplary embodiment, each of the first through
third angular ranges may be less than 180 degrees. Further-
more, the first and second X-ray generators may be spaced
apart by a 90 degree interval. Furthermore, the tomography
data may be acquired as the first and second X-ray genera-
tors respectively rotate around the object by 90 degrees plus
an extra angle, and the extra angle may be less than or equal
to 90 degrees. In addition, two pieces of tomography data
corresponding to an angular range of 180 degrees plus an
extra angle may be acquired by respectively using the first
and second X-ray generators, and the extra angle may be 1n
the range of about 30 degrees to about 70 degrees. Operation
1710 may be performed by the data acquirer 610 of the
tomography apparatus 600.

Thereafter, motion mformation representing the amount
of motion of the object over time 1s acquired by using the
first and second 1mages (operation 1720). According to an
exemplary embodiment, the motion information may repre-
sent the amount of motion of a surface forming the object.
Operation 1720 may be performed by the controller 620 of
the tomography apparatus 600.

Lastly, a target image showing the object at a target time
point 1s reconstructed by using the motion nformation
(operation 1730). According to an exemplary embodiment,
the target 1image may be reconstructed based on first and
second reconstructed images that are respectively generated
based on tomography data acquired during rotation of the
first and second X-ray generators by using the motion
information. Then, the target image may be reconstructed by
performing 1image registration between the first and second
reconstructed images. Operation 1730 may be performed by
the 1mage reconstructor 630 of the tomography apparatus
600.

The above-described exemplary embodiments of the pres-
ent disclosure may be written as computer programs and
may be implemented in general-use digital computers that
execute the programs using a computer-readable recording
medium.

Examples of the computer-readable recording medium
include magnetic storage media (e.g., ROM, floppy disks,
hard disks, etc.), optical recording media (e.g., CD-ROMs,
or DVDs), etc.), and transmission media such as Internet
transmission media.
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While the present disclosure has been particularly shown
and described with reference to exemplary embodiments
thereot, 1t will be understood by those of ordinary skill in the
art that various changes in form and details may be made
therein without departing from the spirit and scope of the
present disclosure as defined by the following claims.

The exemplary embodiments may be written as computer
programs and may be implemented 1n general-use digital
computers that execute the programs using a computer-
readable recording medium.

Examples of the computer-readable recording medium
include magnetic storage media (e.g., ROM, tloppy disks,
hard disks, etc.), optical recording media (e.g., CD-ROMs,
or DVDs), etc.

While one or more exemplary embodiments have been
described with reference to the figures, 1t will be understood
by those of ordinary skill in the art that various changes in
form and details may be made therein without departing
from the spirit and scope as defined by the following claims.

What 1s claimed 1s:

1. A tomography apparatus comprising at least one pro-
cessor configured to:

obtain a first image using first tomography data acquired

as a first X-ray generator for generating X-rays having
a first energy rotates around an object over a first
angular range, and to obtain a second i1mage using
second tomography data acquired as a second X-ray
generator for generating X-rays having a second energy
rotates around the object over a second angular range
different from the first angular range;

determine motion mformation representing an amount of

motion of the object over time using the first image and
the second 1mage; and

reconstruct a target image showing the object at a target

time point using the motion information.

2. The tomography apparatus of claim 1, wherein the first
image and the second 1mage are partial images, and the first
angular range 1s opposite to the second angular range.

3. The tomography apparatus of claim 1, wherein each of
the first angular range and the second angular range 1s less
than 180 degrees.

4. The tomography apparatus of claim 1, wherein the
motion information comprises imformation representing an
amount of motion of a surface forming the object.

5. The tomography apparatus of claim 1, wherein the at
least one processor 1s lurther configured to predict an
amount ol motion of the object at the target time point based
on the motion information, and to reconstruct the target
image based on the predicted amount of motion.

6. The tomography apparatus of claim 1, wherein the at
least one processor 1s further configured to acquire two
pieces of tomography data corresponding to an angular
range of 180 degrees and an extra angle by respectively
using the first x-ray generator and the second X-ray genera-
tor,

wherein the extra angle 1s 1n a range of 30 degrees to 70

degrees.

7. The tomography apparatus of claim 1, wherein the at
least one processor 1s further configured to reconstruct the
target 1mage based on a first reconstructed 1mage and a
second reconstructed image, the first reconstructed 1mage
and the second reconstructed 1mage being generated based
on the first tomography data and the second tomography
data acquired during the rotation of the first x-ray generator
and the second X-ray generator using the motion informa-
tion.
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8. The tomography apparatus of claim 7, wherein the at
least one processor 1s further configured to reconstruct the
target 1mage by performing image registration between the
first reconstructed image and the second reconstructed
image.
9. A tomography apparatus comprising at least one pro-
cessor configured to:
obtain a first partial 1mage using first tomography data
acquired as a first X-ray generator for generating
X-rays having a first energy and a second X-ray gen-
crator for generating X-rays having a second energy
rotate around an object over a first angular range and a
second angular range different from the first angular
range, and to obtain a second partial 1mage using
second tomography data acquired as the first x-ray
generator and the second X-ray generator rotate around
the object over the second angular range and a third
angular range opposite to the first angular range;

acquire motion information representing an amount of
motion of the object over time by using the first partial
image and the second partial image; and

reconstruct a target 1mage showing the object at a target

time point by using the motion information.

10. The tomography apparatus of claim 9, wherein each of
the first angular range, the second angular range, and the
third angular range 1s less than 180 degrees.

11. The tomography apparatus of claim 9, wherein the first
X-ray generator 1s spaced apart from the second X-ray
generator by a 90-degree interval.

12. The tomography apparatus of claim 11, wherein the at
least one processor 1s further configured to acquire the first
tomography data and the second tomography data as the first
x-ray generator and the second X-ray generator rotate
around the object by 90 degrees and an extra angle, and

wherein the extra angle 1s less than or equal to 90 degrees.

13. The tomography apparatus of claim 9, wherein the at
least one processor 1s further configured to acquire third
tomography data corresponding to an angular range of 180
degrees and an extra angle by using the first x-ray generator
and the second X-ray generator, and

wherein the extra angle 1s 1n a range of 30 degrees to 70

degrees.

14. The tomography apparatus of claim 9, wherein the at
least one processor 1s further configured to reconstruct the
target 1mage based on a first reconstructed 1mage and a
second reconstructed image, the first reconstructed 1mage
and the second reconstructed image being based on the first
tomography data and the second tomography data acquired
during rotation of the first x-ray generator and the second
X-ray generator using the motion information.

15. The tomography apparatus of claim 14, wherein the at
least one processor 1s further configured to reconstruct the
target 1mage by performing image registration between the
first reconstructed image and the second reconstructed
1mage.

16. A method of reconstructing a tomography 1mage, the
method comprising:

obtaining a {first 1mage using first tomography data

acquired as a first X-ray generator for generating
X-rays having a first energy rotates around an object
over a first angular range, and obtaining a second 1image
using second tomography data acquired as a second
X-ray generator for generating X-rays having a second
energy rotates around the object over a second angular
range different from the first angular range;
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determining motion information representing an amount
of motion of the object over time by using the first
image and the second image; and

reconstructing a target image showing the object at a

target time point using the motion mformation.

17. The method of claim 16, wherein the first image and
the second i1mage are partial images, and the first angular
range 1s opposite to the second angular range, and

wherein each of the first angular range and the second

angular range 1s less than 180 degrees.

18. The method of claim 16, wherein the motion infor-
mation comprises information representing an amount of
motion of a surtface forming the object.

19. The method of claim 16, wherein the reconstructing of
the target 1mage comprises predicting an amount of motion
ol the object at the target time point based on the motion
information, and reconstructing the target image based on
the predicted amount of motion.

20. The method of claim 16, wherein the reconstructing of
the target 1mage comprises reconstructing the target image
based on a first reconstructed image and a second recon-
structed 1mage, the first reconstructed image and the second
reconstructed 1mage being generated based on the first
tomography data and the second tomography data acquired
during rotation of the first x-ray generator and the second
X-ray generator using the motion information.
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